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,7V\VWHPVKDYHEHFRPHDQLPSRUWDQWFRPSHWLWLYHHOHPHQWDFURVVWKHJUHDWPDMRULW\RILQGXVWULHVDQG
WHFKQRORJ\ SURMHFWV DUH HQWUHQFKHGZLWKLQ DOO GRPDLQV EHFRPLQJ ODUJHU DQG HQFRPSDVVLQJ FURVV IXQFWLRQDO FRPSRQHQWV 7KLV
LQFUHDVHG WHFKQRORJLFDO GHSHQGHQF\ DQG WUDQVIRUPDWLRQ DOVR LQFUHDVHV WKH ULVN WR RUJDQL]DWLRQV DV DZKROH LI VRPHWKLQJ JRHV
ZURQJ3UDJPDWLFDOO\WKLQJVRIWHQGRJRZURQJDQGGHVSLWHWKHHYROXWLRQDQGVRSKLVWLFDWLRQRISURMHFWPDQDJHPHQWIUDPHZRUNV
DQGPHWKRGRORJLHVDJUHDWSHUFHQWDJHRI ,7SURMHFWVDUH VWLOO IDLOLQJ$OWKRXJKPXOWLSOHDFWLRQVKDYHDWWHPSWHG WRDGGUHVV WKLV
FRVWO\ DQG SUHYDLOLQJ WUHQG WKH\ KDYH \HW WR SRVLWLYHO\ DQGRU FRQVLVWHQWO\ LPSDFW LW HYHQ WKRXJK LW KDV FDXVHG DGGLWLRQDO
PDQDJHPHQWEXUGHQV DQG FRVWO\ FRPSOLDQFH UHTXLUHPHQWV DORQJ WKHZD\ $V WKHSURMHFWLRQV IRU ,7 LQYHVWPHQW LQFUHDVHE\D
PDJQLWXGHRIDQQXDODYHUDJHDQG,7SURMHFWIDLOXUHVUHSRUWORVVHVLQWKHELOOLRQV*DUWQHUWKLVWUHQGKDVEHFRPH
HYHUVWHHSHURYHUWLPH,WLVOLNHO\WKDWWKHUDWHVDUHHYHQKLJKHUWKDQWKHLQGXVWU\UHSRUWVEHFDXVHLQGLYLGXDOVDQGRUJDQL]DWLRQV
IHDUEDFNODVKZKHQLGHQWLI\LQJDQGFRPPXQLFDWLQJSHUFHLYHGIDLOXUHV7KHDODUPLQJDQGLQFUHDVLQJUDWHVRI,73URMHFW)DLOXUH
DUHVWURQJLQGLFDWRUVWKDWWKLVV\VWHPLFWUHQGKDVQRW\HWEHHQDGGUHVVHGIURPDFDXVDOSHUVSHFWLYH7KHDXWKRUVKHQFHFRQGXFWHG
H[WHQVLYHUHVHDUFKLQRUGHUWRHQDEOHWKHDVVHVVPHQWRIWKLVSHUYDVLYHDQGFRVWO\LVVXHWKURXJKDXQLTXHDSSURDFKDQGOHYHUDJHG
WKH VRFLDO ³OHQV´ RQH RI WKH WKUHH IXQGDPHQWDO UHVHDUFKPHWKRGRORJ\ SLOODUV+\SRWKHVL]LQJ WKDW WKH XQGHUOLQLQJ NH\ IDFWRUV
DVVRFLDWHGZLWKWKLVFRVWO\DQGSHUYDVLYHWUHQGFRXOGEHWUDFHGWR³VRIWIDFWRUV´DQH[WHQVLYHPXOWLPHWKRGUHVHDUFKHIIRUWEDVHG
RQWKUHHIXQGDPHQWDOSLOODUV*URXQGHG7KHRU\6\VWHP'\QDPLFVDQ6RFLDO7KHRU\KDVEHHQFRQGXFWHGDQGKDVXQYHLOHGDQHZ
WKHRUHWLFDOPRGHOSURPLVLQJJUHDWHUXQGHUVWDQGLQJRI,7DQGSRWHQWLDOO\RWKHUSURJUDPVDQGSURMHFWV7KH,7SURMHFWFRQVWUXFWLV
ORRNHGXSRQE\WKHUHVHDUFKHUVDV³PLQLRUJDQL]DWLRQV´FKDUDFWHUL]HGE\PXOWLSOHFKDQJHVDQGQDWXUDOGLVUXSWLRQVWRWKH6RFLDO
2UGHU RYHU WLPH 7KH SKLORVRSKLFDO UHVHDUFK IUDPHZRUN ZDV WKHQ RSHUDWLRQDOL]HG E\ PHDQV RI D IRXU SKDVHG PXOWLPHWKRG
DSSURDFK SURPRWLQJ D URRW FDXVH LGHQWLILFDWLRQ RI NH\ IDFWRUV GULYLQJ ,7 SURMHFW VXFFHVV DQGRU IDLOXUHV DV ZHOO DV WKHLU
LQWHUGHSHQGHQFLHVDQGLPSDFWV7KLVSDSHUSUHVHQWVWKHRXWFRPHVRIWKLVUHVHDUFKHPHUJLQJWKHRU\LWVNH\FKDOOHQJHVDQGKRZ
WKH\ZHUHRYHUFRPHDQGGLVFXVVHVWKH$GDSWLYHDQG3UHHPSWLYH,77KHRU\³$GD3,7´,QHVVHQFHWKH³$GD3,7´7KHRU\GRHV
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QRWUHSODFHDQ\H[LVWLQJ,7SURMHFW0DQDJHPHQWIUDPHZRUNLWVLPSO\LQFRUSRUDWHVWKHLGHQWLILHG,QWDQJLEOH6RIW)DFWRU³,6)¶V´
LQWRWKHDSSOLFDEOHSURMHFWFRQVWUXFW7KHPDLQWKHRU\XQYHLOHGKDVEHHQPRGHOHGDQGSUHVHQWHGWKURXJKPXOWLSOHYLHZVWKDWZLOO
EH GLVFXVVHG LQ WKLV SDSHU $ VXPPDU\ DQDO\VLV RI WKH UHVHDUFK ILQGLQJV ZLOO DOVR EH SURYLGHG ,W HQFRPSDVVHV WKH DXWKRU¶V
UHSUHVHQWDWLRQIURPDOOGDWDSRLQWVFROOHFWHGWKURXJKRXWWKLVLQYHVWLJDWLRQLQFOXVLYHRIWKHLURZQH[SHULHQFHV³DOOLVGDWD´DVZHOO
DV WKH UHYLHZ DQG IHHGEDFN IURP LQGXVWU\ SUDFWLWLRQHUV *URXQGHG 7KHRU\ VXEMHFW PDWWHU H[SHUWV DQG RWKHU WHFKQLFDO DQGRU
PDQDJHULDOSHUVRQQHO7KHVXPPDU\RXWFRPH$GD3,77KHRU\HQFRPSDVVHVWKHGDWDFROOHFWLRQDQDO\VLVDQGK\SRWKHVHVVXSSRUW
SURFHVVZLWKLQWKHPXOWLPHWKRGUHVHDUFKIUDPHZRUN

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI6RXWKHUQ&DOLIRUQLD
.H\ZRUGV*URXQGHG7KHRU\3URMHFW)DLXOXUH6RFLDO7KHRU\6\VWHP'\QDPLF
,QWURGXFWLRQ
7KLV SDSHU SUHVHQWV ILUVWKDQG WKH UHVHDUFK RXWFRPHV FRQFHSWXDOL]HG DQG GHILQHG E\ WKH DXWKRUV DV $GDSWLYH
([SHULPHQWDWLRQ PHWKRGRORJ\ D FRPSLODWLRQ RI FRQWH[WXDO KROLVWLF V\VWHPV WKLQNLQJ ZLWK LWV IRXQGDWLRQ LQ
*URXQGHG7KHRU\XQGHUWKHIUDPHZRUNRIWKH6RFLDO7KHRU\OHQV)LJEHORZSURYLGHVDJUDSKLFDOGHSLFWLRQRIWKH
SURSRVHGUHVHDUFKSKLORVRSK\IXQGDPHQWDOSLOODUVIROORZHGE\WKHIRXUSKDVHGPHWKRGRORJ\LQZKLFKLWKDVEHHQ
RSHUDWLRQDOL]HG'HWDLOHGRYHUYLHZRIWKH5HVHDUFK3KLORVRSK\DQG)RXU3KDVHG0HWKRGRORJ\FDQEHIRXQGLQWKH
HDUOLHU SXEOLFDWLRQ E\ WKH DXWKRUV 7KH IXQGDPHQWDO UHVHDUFK K\SRWKHVLV LV EDVHG RQ WKH SUHPLVH WKDW ,7 SURMHFW
IDLOXUHV FDQEH WUDFHG IURPD URRWSHUVSHFWLYH WR ³VRIW IDFWRUV´ KLVWRULFDO SHUVSHFWLYH DVZHOO DV OLWHUDWXUH UHYLHZ
VXSSRUWHGWKLV³JDS´

7KH LQWHUYLHZ PHWKRG ZDV OHYHUDJHG LQ FRQMXQFWLRQ ZLWK GDWD LGHQWLILHG WKURXJK OLWHUDWXUH UHYLHZ SHUVRQDO
H[SHULHQFHV  LQWHUDFWLRQVZLWK D VHOHFWHG IRFXV JURXS UHSUHVHQWDWLRQ *URXQGHG7KHRU\6XEMHFW0DWWHU([SHUW
)LJ7KUHH)XQGDPHQWDO5HVHDUFK3LOODUV
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UHYLHZV XQGHU WKH RYHUVLJKW RI D YHU\ H[SHULHQFHG UHVHDUFKHU DQG 3URMHFW 0DQDJHU DQG UHVHDUFK 3ULQFLSDO
,QYHVWLJDWRUDQGRWKHUUHOHYDQWGRFXPHQWDWLRQ0DQ\FKDOOHQJHVDVVRFLDWHGZLWKWKHLQLWLDOGDWDFROOHFWLRQSODQZHUH
IDFHG KHQFH KLJKOLJKWLQJ WKH FULWLFDOLW\ RI JHQHUDWLQJ DOWHUQDWLYH GDWD FROOHFWLRQ VWUDWHJLHV XSIURQW IRU UHVHDUFK
LQLWLDWLYHVRIWKLVQDWXUH-XVWDV,7SURMHFWRXWFRPHVDUHXQSUHGLFWDEOHVRDUHWKHHQYLURQPHQWVLQZKLFKWKH\H[LVW
5HVHDUFKHUVPXVWEHDZDUH WKDWVHFXULQJVXSSRUW IRUGDWDFROOHFWLRQ±HVSHFLDOO\ZKHQ WKLV LVGRQHRQDYROXQWDU\
EDVLV±PD\EULQJIRUWKPDQ\XQH[SHFWHGVXUSULVHV2QHRIWKHVXUSULVLQJRXWFRPHVIURPWKLVUHVHDUFKLQLWLDWLYHZDV
D QHZ WKHRU\ WKDW SUHFHGHV SUHVFULSWLYH UHFRPPHQGDWLRQV DQG PDWXUDWLRQ WKDW PD\ UHYROXWLRQL]H WKH ZD\ WKDW
WHFKQRORJ\ SURMHFWV DUH PDQDJHG 7KLV SDSHU ZLOO EULHIO\ VXPPDUL]H PRVWO\ WKURXJK PRGHOV WKH UHVHDUFK
PHWKRGRORJ\ ILQGLQJVDQGXQFRYHUHG WKHRU\'HWDLOHGGHVFULSWLYHDQG LQWHUSUHWDWLRQRI WKHIDFWRUVFDWHJRULHVDQG
WKHRU\FDQEHIRXQGLQWKHDXWKRUVZRUNUHIHUHQFHGLQWKLVSDSHU
³:HGRQ¶W QHHG EHWWHU VROXWLRQVZH QHHG EHWWHU WKLQNLQJ DERXW SUREOHPV´ 5XVVHOO$FNRII VRXUFH XQNQRZQ
ZHOOVWDWHG7RRYHUFRPHWKHSURMHFWIDLOXUHWUHQGSDUWLFXODUO\DIIOLFWLQJWKH,7GRPDLQUHVHDUFKHQGHDYRUVPXVWILUVW
DQGIRUHPRVWVHHNWRXQGHUVWDQGWKHNH\IRUFHVLQIOXHQFLQJLWVRXWFRPHV$VSUHVHQWHGE\WKHDXWKRUVUHJDUGOHVVRI
WKH HYLGHQFH UHFRJQL]LQJ WKH FRVWO\ ,7 SURMHFW IDLOXUH WUHQG WKH PXOWLWXGH RI FXUUHQW SURMHFW PDQDJHPHQW
IUDPHZRUNVDQGWRROVKDYHQRWWRGDWHSRVLWLYHO\DOWHUHGWKLVRXWFRPHQRUDVVHVVHGLQFRUSRUDWHGWKHWUXHLQIOXHQFH
RIVRIWIDFWRUVRQSURMHFWFRQVWUXFWV7KHDXWKRUVKDYHLQYHVWLJDWHGWKHOLPLWDWLRQLQWKHQXPEHURIVWXGLHVH[SORULQJ
WKH,7SURMHFWIDLOXUHWUHQGDVZHOODVLQWHJUDWHGV\VWHPVDSSURDFK)LJEHORZSURYLGHVDVXPPDU\GHSLFWLRQRIWKH
)RXU3KDVHG0XOWL0HWKRG5HVHDUFKPHWKRGRORJ\

6WXG\%DFNJURXQGDQG6XPPDU\)LQGLQJV
)LJ)RXU3KDVHG0XOWL0HWKRG0HWKRGRORJ\
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$OWKRXJKRULJLQDOO\WDUJHWLQJWKH6PDOO,7SURMHFWVGRPDLQGXULQJWKHGDWDFROOHFWLRQWKHRSSRUWXQLW\WRFROOHFW
GDWDIURPDOOSURMHFWVL]HGRPDLQV/DUJH0HGLXPDQG6PDOOZDVSUHVHQWHG)URPDSURMHFWUROHSHUVSHFWLYH
NH\FDWHJRULHVZHUH LQFRUSRUDWHG0DQDJHPHQW7HFKQLFDODQG%XVLQHVVDQGRU&XVWRPHU6HPLVWUXFWXUHGRSHQ
HQGHG LQWHUYLHZV DQG D VXEVHW RI FORVHG HQGHG TXHVWLRQV GHPRJUDSKLFV DQG EDFNJURXQG ZHUH DOVR OHYHUDJHG
:LWKLQ WKLV VWUDWLILFDWLRQ , KDYH DOVR H[DPLQHG KRZ HDFK SURMHFW PHPEHU SHUFHSWLRQV DV ZHOO DV WKH LQWDQJLEOH
IRUFHV DFW DVFRQWULEXWRUV DQGRU WULJJHUV IRU ,7SURMHFW VXFFHVVDQGRU IDLOXUHV6XJJHVWLRQVSUHYHQWLYHPHDVXUHV
ZHUHDOVRVROLFLWHGIURPWKH([SHUW3UDFWLWLRQHUV,QDGGLWLRQSDUWLFLSDQWVZHUHDVNHGWRSURYLGHIHHGEDFNUHJDUGLQJ
PHWKRGVFXUUHQWO\XVHGWRPDQDJHWKHLULQLWLDWLYHVFRQIOLFWUHVROXWLRQFRPPXQLFDWLRQPLVVLRQGLVVHPLQDWLRQWHDP
EXLOGLQJ VWUDWHJLHVPDMRU FKDOOHQJHV DQG RWKHU UHOHYDQW TXHVWLRQV:LWKLQ D WRWDO RI  TXHVWLRQV VDWXUDWLRQZDV
DFKLHYHGZLWKLQWKHILUVWLQWHUYLHZVLHWRWDOQXPEHURILGHQWLILHGIDFWRUVDQGFDWHJRULHVFODVVLILHGDQGJURXSHG
³IDFWRUV´)RUGHWDLOHGH[SHULPHQWDODSSURDFKDQGVDWXUDWLRQDFKLHYHPHQWSOHDVHUHIHUWR)LJEHORZDQG,GHQWLILHG
³FDWHJRULHV´LPSDFWLQJWKH,7SURMHFWIDLOXUHKDYHEHHQQDPHG,QWDQJLEOH6RIW)DFWRUV³,6)¶VE\WKHDXWKRUV
$QDO\VLV6XPPDU\
7KLVVHFWLRQSUHVHQWVWKHVXPPDU\RIWKHPDLQHPHUJLQJFDWHJRULHV,6)¶VDVZHOODVWKHIUHTXHQF\LQZKLFKWKH\
KDYHEHHQSUHVHQWDQGODWHURQUDWHVZLWKLQDVFDOHIURPWKURXJK FULWLFDO YHU\KLJK KLJK PRGHUDWH
DQG ORZ)LJGHSLFWV WKH IDFWRUV LGHQWLILFDWLRQ IUHTXHQFLHV'HWDLOHGJUDSKLFVFRQWDLQLQJD VXPPDWLRQRI DOO
GDWD FROOHFWHG WKHRSHQ HQGHG LQWHUYLHZKDYH DOVREHHQ FROOHFWHG DVZHOO DVRSHQ HQGHG LQWHUYLHZTXHVWLRQQDLUHV
RXWFRPHV $OWKRXJK QRW LQ GLUHFW VXSSRUW WR WKH K\SRWKHVHV ZLWK WKLV VWXG\ WKH DXWKRUV KDYH DOVR DQDO\]HG WKH
UHOHYDQFHRIWKHLGHQWLILHG,6)¶VDJDLQVWWKHSURMHFWOLIHF\FOHSKDVHVDFXUUHQWJDSLQOLWHUDWXUH)XUWKHULQYHVWLJDWLRQ
UHJDUGLQJSURMHFWSKDVHUHOHYDQFHLVZDUUDQWHG7KH(PHUJLQJ&DWHJRULHVKDYHDOVREHHQPDSSHGDJDLQVWWKH6RFLDO
)LJ)DFWRU3UHYDOHQFH
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7KHRU\ DQG WKH.H\ )DFWRUV FODVVLILHG GXULQJ WKH IRFXV JURXS LQWHUDFWLRQ$0LQG0DS YLHZSURYLGHG D QDWXUDO
VHWWLQJIRUGLVFXVVLRQV±HVSHFLDOO\GXULQJWKHIRFXVJURXSH[HUFLVHV
7KLVVHFWLRQKLJKOLJKWVWKHSUHYDOHQFHRIVRIWFDWHJRULHVXQFRYHUHGYHUVXVKDUGIDFWRUVFDWHJRULHVWRWDOVRIW
DQGKDUG,VXPPDU\JUDSKLFLVSURYLGHGEHORZRQ)LJ
3OHDVH QRWH WKH SUHGRPLQDQW SUHYDOHQFH RI WKH $GDSWDELOLW\ FDWHJRU\  7KH &DWHJRULHV DUH DJJUHJDWHG IDFWRUV
XQFRYHUHGGXULQJ WKH UHVHDUFK LQLWLDWLYH VXEVHTXHQWO\FRGHGDQGFODVVLILHGGXULQJ IRFXVJURXSGLVFXVVLRQVZLWKD
VXEJURXSRIVXEMHFWPDWWHUH[SHUWV



)RULQVWDQFHIRUWKHXQFRYHUHGSUHYDOHQW$GDSWDELOLW\FDWHJRU\WKHFRQVHQVXVGHILQLWLRQZDVWKHDELOLW\WRDGDSW
WRFKDQJHIURPDOOGRPDLQV%DVHGRQUHVHDUFKILQGLQJVHYHQKLJKO\WHFKQLFDODQGPRGHUQL]HGRUJDQL]DWLRQVKDYHD
QDWXUDO UHVLVWDQFH WR FKDQJH /DFN RI IOH[LELOLW\ZDV TXRWHG E\ DOO ([SHUW 3UDFWLWLRQHUV DV FKLHI FDXVH IRU WKH ,7
SURMHFW FKDOOHQJHV 7KLV &DWHJRU\ KDV UHFHLYHG WKH KLJKHVW VFRUHV IUHTXHQF\ DQG HPSKDVLV GXULQJ WKH LQWHUYLHZ
([SHUW3UDFWLWLRQHUUHSUHVHQWDWLRQSURFHVVLUUHVSHFWLYHO\IURPWKHSURMHFWUROHDQGSURMHFWVL]HLQTXHVWLRQ
$OOIDFWRUVZLWKLQWKH$GDSWDELOLW\FRGHZHUHKLJKIUHTXHQF\RQHVTXRWHGE\HDFKRIWKH([SHUW3UDFWLWLRQHU
UHSUHVHQWDWLRQVZLWKLQWKHLQWHUYLHZSURFHVV7KHSURMHFWVL]HV/DUJH6PDOODQG0HGLXPZHUHDOVRVWUDWLILHGDQG
UHTXLUHIXUWKHUDQDO\VLVLQIXWXUHZRUNVVLQFHLWZDVQRWWKHSULPDU\IRFXVRIWKHILUVWSKDVHRIWKLVUHVHDUFKLQLWLDWLYH
WKHNH\IRFXVZDVWKHLGHQWLILFDWLRQRIWKHNH\IDFWRUVLPSDFWLQJWKHSUHYDOHQW,73URMHFWIDLOXUH


)LJ(PHUJLQJ&DWHJRULHV
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(PHUJLQJ7KHRU\
 $VXUSULVLQJRXWFRPHIURPWKLVUHVHDUFKKDVEHHQWKHHPHUJHQF\RID7KHRU\DVVRFLDWHGZLWKWKHFULWLFDO
LPSRUWDQFHRIUHYLVLQJWKHSURMHFWWKHRU\LQLWVHOI5HGHILQLQJVXFFHVVPHWULFVDQGDERYHDOODVVHVVLQJIOH[LEOHDQG
DGDSWDEOHPDQDJHPHQWIUDPHZRUNVDUHPDQGDWRU\LQRUGHUWRRYHUFRPHWKH,73URMHFW)DLOXUHWUHQG,QDPHWKLV
HPHUJLQJSDUDGLJP³$GDSWDEOHDQG3UHHPSWLYH,7SURMHFW0DQDJHPHQW´³$GD3,7´
 ,QHVVHQFH$GD3,7GRHVQRWUHSODFHDQ\H[LVWLQJ,7SURMHFW0DQDJHPHQWIUDPHZRUNLWVLPSO\LQFRUSRUDWHVWKH
,6)¶VLQWRWKHDSSOLFDEOHSURMHFWFRQVWUXFW,WK\SRWKHVL]HVWKDWE\GRLQJVRWKH,7SURMHFWIDLOXUHSDUDGLJPZLOOEH
FKDQJHGOHVVIDLOXUH'XULQJGLVFXVVLRQVZLWK'U-D\)RUUHVWHUWKLVSDVW\HDUUHJDUGLQJWKLVSHUYDVLYHLVVXHDQ
LPSRUWDQWSRLQWZDVDOVREURXJKWXSLQRUGHUIRUUHVRXUFHVWRWKLQNV\VWHPLFDOO\WKH\PXVWULGWKHPVHOYHVRIWKHLU
PLQGPDSVZKLFKFDQEHQHDUO\LPSRVVLEOHIRUUHVRXUFHVZKRKDYHEHHQHQWUHQFKHGLQWKHV\VWHPIRUPRVWRIWKHLU
OLYHV+HQFH'U-D\)RUUHVWHU¶VUHFRPPHQGDWLRQOLHVSULPDULO\RQWUDLQLQJ.DQGDQ\UHVRXUFHVVWLOOUHDFKLQJRXW
WROHDUQLQJWKHFULWLFDOWRRONLWRI6\VWHP'\QDPLFVDQG6\VWHPV7KLQNLQJ7KHDXWKRUVDOVRDGYRFDWHWKDWDGGLWLRQDO
WRROVDUHQRWQHFHVVDU\DQGWKDWZHPXVWIRFXVRQUHWUDLQLQJWKHZRUNIRUFHWRWKLQNGLIIHUHQWO\DERXWSUREOHPVDW
KDQG
 7KHPDLQWKHRU\XQYHLOHGWKURXJKWKLVUHVHDUFKKDVEHHQPRGHOHGDQGSUHVHQWHGWKURXJKPXOWLSOHYLHZV,W
HQFRPSDVVHVP\UHSUHVHQWDWLRQIURPDOOGDWDSRLQWVFROOHFWHGWKURXJKRXWWKLVUHVHDUFKLQFOXVLYHWKHDXWKRUVRZQ
H[SHULHQFHV,QVXPPDU\DVSLFWRULDOO\GHSLFWHGLQ)LJWKH,73URMHFW0DQDJHPHQWFRUHVWUXFWXUHPXVWEH
FRQWLQXRXVO\DZDUHDQGUHVSRQVLYHWRPXOWLSOHGLPHQVLRQV7KHNH\LVDGDSWDWLRQLQDWLPHFRQWLQXXPWRWKHSURMHFW
HQYLURQPHQW¶V6RFLDO2UGHUIURPZKLFKUHTXLUHPHQWVFKDLQRIFRPPDQGSULRULWLHVDQGRWKHUDVVRFLDWHG
HQYLURQPHQWDOFULWHULDPD\FKDQJH,WLVQHFHVVDU\DQGVXIILFLHQWPDQDJHPHQWVWUXFWXUHUHVSRQVLYHWRQRZDQ
DGDSWDEOHVFKHGXOHEXGJHWDQGVFRSH
)LJ7KUHH'LPHQVLRQDO$GD3,77KHRUHWLFDO0RGHO
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 ³$GD3,7´VWDQGVIRU$GDSWLYHDQG3UHHPSWLYH,73URMHFWDQG3URJUDP0DQDJHPHQW7KHRU\7KLVLVLQHVVHQFHD
JHQRPHVWUXFWXUHDQGLWVLQQHUIDEULFZLOOEHGLVFXVVHGYLDDGLIIHUHQWYLHZLQWKHVXEVHTXHQWSDUDJUDSKWRWKLV
VHFWLRQ7KH3UHHPSWLYHWHUPLQRORJ\SODFHVHPSKDVLVRQWKHQHHGIRUDJUHDWHUVLWXDWLRQDODZDUHQHVVQHHGGXHWR
WKHUDSLGSDFHRIWRGD\¶VHQYLURQPHQWV±HVSHFLDOO\DVLWSHUWDLQVWR,7SURMHFWVDQGRUSURJUDPV7KHDFWXDO
³$GD3,7´VWUXFWXUHFRQWDLQVDVHULHVRIFRQQHFWHGVHFWLRQVZKLFKUHSUHVHQWLQHVVHQFHYLUWXDOJDWHVIURPZKLFKDIXOO
UHDVVHVVPHQWRIWKHRULJLQDOSURMHFWSDUDPHWHUVDUHUHHYDOXDWHGDQGDGMXVWHGDFFRUGLQJO\WRFKDQJHVDQGDSSURYDO
FKDLQVDWWKDWSRLQWLQWLPH)LJUHSUHVHQWVDVOLFHRIWKH$GD3,7VWUXFWXUH,WVLQQHUIDEULFLVFRPSRVHGRIDOO
FDWHJRULHVWKHPHVLGHQWLILHGGXULQJWKLVUHVHDUFKDQGWKHJOXHIOH[LEOHFHPHQWDPRQJWKHPLVUHSUHVHQWHGE\WKH
DGDSWDELOLW\WKHPHLWVHOI7KHVLWXDWLRQDODZDUHQHVVWKHPHRFFXSLHVWKHFHQWHURIWKHVOLFHDQGWRXFKHVHYHU\RWKHU
WKHPH±DQGPXVWEHDFRQWLQXRXVHIIRUW&RQWLQXRXV/HDUQLQJLVDOVRDFRQWLQXRXVHIIRUWDQGVXUURXQGVDOORWKHU
IDFWRUV7KHGRWWHGOLQHVUHSUHVHQWSDWKVZKHUHDEULGJH$JHQWPRQLWRUVDOOHYROYLQJDQGG\QDPLFWKHPHV,Q
HVVHQFHDGDSWDELOLW\LVDERQGLQJHOHPHQWVLWXDWLRQDODZDUHQHVVDVFDQQLQJDQGVLJQDOLQJHOHPHQWDQGFRQWLQXRXV
OHDUQLQJDQH[SUHVVLQJHOHPHQWZKLOHDOORWKHU,6)VUHSUHVHQWJHQHVZLWKLQWKH³$GD3,7´JHQRPHPRGHO

 ,WZDVDOVRXQFRYHUHGGXULQJWKLVH[HUFLVHWKHQHHGWRLPSOHPHQWD³%ULGJH$JHQW´VRUWRID6WRU\7HOOHUWKDW
PXVWEHDQLQGHSHQGHQWDQGDFWLYHOLVWHQHUDFURVVWKHSURMHFWRUJDQL]DWLRQ3OHDVHQRWHRQ)LJXUHDVOLFHRIWKH'
PRGHOGHSLFWLQJKRZWKHFDWHJRULHVLGHQWLILHGLQWHUDFWZLWKLQWKLVSURSRVHGPRGHO)LJXUHGLVSOD\VLQPRUHGHWDLOV
WKHLQQHUIDEULFRIWKH³$GD3,7´JHQRPHVWUXFWXUH$VWLPHDQGVRFLDOFRQVWUXFWHYROYHV±DVZHOODVWKHFRQWH[WRI
HDFKSURMHFWWKLVLQQHUVWUXFWXUHPD\FKDQJHZLWKFHUWDLQIDFWRUVEHFRPHOHVVRUPRUHUHOHYDQW$GGLWLRQDO
LQYHVWLJDWLRQZLWKLQDFDVHVWXG\VHWWLQJDQGDJHQWEDVHGPRGHOLQJLVDVXJJHVWHGDSSURDFKIRUVXFKDVWXG\
)LJ$GD3,77KUHH'LPHQVLRQDO³6OLFH´0RGHO
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


$QRWKHUSHUVSHFWLYHIURPDWKHRUHWLFDOUHSUHVHQWDWLRQLVGHSLFWHGRQ)LJ7KLVLVDGLPHQVLRQDOUHSUHVHQWDWLRQ
RIDOOLGHQWLILHGFDWHJRULHVE\FULWLFDOLW\OHYHOVDOVRGHSLFWLQJDERQGLQJHOHPHQWIOH[LELOLW\FDWHJRU\HQFRPSDVVLQJ
DOORWKHUFDWHJRULHVDQGWKHEULGJHDJHQWSDWK$GGLWLRQDOVWXGLHVDUHUHTXLUHGWRUHILQHWKHFRPSRQHQWVZLWKLQWKLV
HPHUJLQJWKHRU\DVZHOODVWRVXSSRUWLWVHIILFDF\,WLVKRZHYHUHYLGHQWWKDWVRPHWKLQJKDVWRFKDQJHLQRUGHUIRU
RUJDQL]DWLRQVWREUHDNDZD\IURPWKH,73URMHFWIDLOXUHJULGORFNWUHQG
 7KHDXWKRUVIXUWKHUDVVHUWWKDWWKLV7KHRU\LVDSSOLFDEOHWRDQ\SURMHFWLUUHVSHFWLYHO\RIWKHLULQGXVWU\VL]HEXGJHW
DQGVFRSH

)LJ³$GD3,7´³*HQRPH´'HWDLOHG,QQHU)DEULF
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
.H\5HVHDUFK&RQWULEXWLRQV
7KHNH\UHVHDUFKFRQWULEXWLRQVFDQEHVXPPDUL]HGDVIROORZV&RQWULEXWHGWRWKH7KHRUHWLFDO%UHDNWKURXJKDQG
%URDGHQHG WKH 8QGHUVWDQGLQJ RI WKH ,7 3URMHFW )DLOXUH 3HUYDVLYH 7UHQG +LJKOLJKWV WKH FULWLFDO VLJQLILFDQFH RI
VHDUFKLQJIRUQHZDSSURDFKHVOHQVWRLQYHVWLJDWHLVVXHV3URMHFW2EVHUYHGZLWKLQD³6RFLDO´&RQVWUXFWXQYHLOHGD
IUHVKSHUVSHFWLYH3URYLGHGD6XSSRUWHG+ROLVWLF*URXQGHG7KHRU\0HWKRGRORJ\%UHDNLQJ*URXQGRQ(QJLQHHULQJ
'RPDLQZLWK*URXQGHG7KHRU\6WUXFWXUHG6DPSOLQJ6L]H*XLGHOLQHVIRU)XWXUH5HVHDUFKHUV3UHVHQWDWLRQRI,730
6\VWHPV$UFKHW\SHV*URXQGHG7KHRU\'HILQLWLRQ5HYLHZ

)LJ³$GD3,7´³%L'LPHQVLRQDO0RGHO
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8QGRXEWHGO\WKHNH\FRQWULEXWLRQRIWKLVUHVHDUFKLVWKHXQYHLOLQJRID1HZ7KHRU\DVLWSHUWDLQVWR,73URMHFW
PDQDJHPHQW ,Q DGGLWLRQ WKH LGHQWLILFDWLRQ RI WKH PRVW UHOHYDQW ,QWDQJLEOH 6RFLDO )DFWRUV ,6)V ZLWKLQ WKH ,7
3URMHFWFRQWULEXWHGWRWKHWKHRUHWLFDOEUHDNWKURXJK7KLVRXWFRPHFKDOOHQJHVWKHWKHRU\RISURMHFWPDQDJHPHQWLWVHOI
DQG UHTXLUHV IXUWKHU HYDOXDWLRQ DV LW SHUWDLQV WR SUHVFULSWLYHPHDVXUHV DQG WKHLU RSHUDWLRQDOL]DWLRQ DVZHOO DV WKH
VXSSRUWRILWVDSSOLFDELOLW\ZLWKLQRWKHUSURMHFWGRPDLQV7KHPXOWLPHWKRGPHWKRGRORJ\LWVHOIDOVRRIIHUVDUREXVW
IUDPHZRUN IRU WKH H[SDQVLRQ RI WKLV VWXG\$QRWKHU FRQWULEXWLRQ RI WKLV VWXG\ SHUWDLQV WR WKH UHOLDELOLW\ VWXG\ RI
VDPSOLQJVL]HZLWKLQTXDOLWDWLYHUHVHDUFKDVZHOODVWKHUHOHYDQFHRI,6)¶VPDSSHGDJDLQVWWKHSURMHFWOLIHF\FOH
0RVWLPSRUWDQWO\WKHNH\PHVVDJHWRUHVHDUFKHUVDQGSUDFWLWLRQHUVDOLNHOLHVLQWKHFULWLFDOLPSRUWDQFHRIORRNLQJ
LQWRSUREOHPVIURPGLIIHUHQWOHQVLQRXUFDVHFRQVLGHULQJ3URMHFWVZLWKLQD6RFLDOFRQVWUXFWDQGVHHNLQJSUHHPSWLYH
PHDQV PDQDJH XQIRUHVHHDEOH LUUDWLRQDOLWLHV ZLWKLQ WKH SURMHFW FRQVWUXFW  6\VWHPV '\QDPLFV SULQFLSOHV V\VWHPV
DUFKHW\SHV KHUHE\ LQWURGXFHG DQGPRGHO IURPDEDVHOLQHSHUVSHFWLYHSURYLGHDGHTXDWHPHDQVQRW WR IRUHFDVW WKH
IXWXUHEXWWREHWWHUXQGHUVWDQGDQGDGDSWWRWKHVHFKDQJHV$GDSWDELOLW\UHTXLUHVRSHQQHVVWRQHZZD\VRIDVVHVVLQJ
DQGRYHUFRPLQJSUREOHPV7KLVFRQFHSW LVDV UHOHYDQWZLWKLQ WKH OLYLQJSURMHFWRUJDQL]DWLRQVDV WKH\DUHRQRWKHU
GRPDLQVLQOLIH

)XWXUH:RUN5HFRPPHQGDWLRQVV
([SDQGLQJ WKLVVWXG\ WR,7SURMHFWVHQFRPSDVVLQJDOOSURMHFWVWDNHKROGHUVZRXOGJLYH WKH LGHDO WHVWEHGIRU WKLV
SURSRVHGPHWKRGRORJ\$GGLWLRQDOO\WKHFRPSDULVRQDPRQJGLVWLQFWUROHVDQGSURMHFWVL]HVFDQDVVXPHDUHVHDUFK
IRFXVRILWVRZQDOWKRXJKWKHZLQGRZRIRSSRUWXQLW\WRFROOHFWWKLVOHYHORIGDWDVWUDWLILFDWLRQKDVEHHQSUHVHQWHGLQ
WKLVFDVHWKLVOHYHORIDQDO\VLVKDVQRWEHHQWKHIRFXVRIWKLVVWXG\7KHWHVWEHGPXVWDOVREHH[SDQGHGWR,7SURMHFWV
RXWVLGH RI WKH+HDOWK &DUH GRPDLQ DQG VXEVHTXHQWO\ RXWVLGH RI WKH ,7 SURMHFW GRPDLQ 7KH LPSOLFDWLRQV RI WKLV
UHVHDUFKDUHRIJUHDWPDJQLWXGHDVLWRIIHUVWKHSRWHQWLDORIUHVKDSLQJKRZSURMHFWVDUHPDQDJHG±DWKHRU\WKDWKDV
UHPDLQHGXQFKDOOHQJHGVLQFHLWVLQFHSWLRQ$OWKRXJKWKHSULPDU\WDUJHWRIWKLVUHVHDUFKKDVEHHQWKHLGHQWLILFDWLRQRI
WKH,6)VH[WHQVLRQPXVWDOVREHJLYHQWRLWVPDQDJHPHQWSUHVFULSWLYHPHDVXUHV$QRWKHUDVSHFWRIWKHUHVHDUFKWKDW
ZLOO EHJURXQGV IRU IXWXUH VWXGLHV HQWDLOV DJHQWEDVHGPRGHOLQJ IRU WKH+HDOWK ,73URMHFW ,6)¶V LGHQWLILHG LQ WKLV
VWXG\ DV ZHOO DV LWV H[WHQVLRQV LH ,7 3URMHFWV DQG 3URMHFWV LQ JHQHUDO DV ZHOO DV DQ LQWHJUDWHG $UFKHW\SH
HQFRPSDVVLQJDOOG\QDPLFLQWHUDFWLRQVDWSOD\7KHIXQGDPHQWDOPHVVDJHLVQRWGLVUHJDUGLQJWKHLQWDQJLEOHIRUFHVDW
SOD\ZLWKLQ WKH SURMHFW FRQVWUXFW DQG WKHLU GHFLVLYH LQIOXHQFHZLWKLQ WKH SURMHFW RXWFRPHV %HLQJ DZDUH RI WKHLU
H[LVWHQFHDVZHOODVRIRXUEOLQGVSRWVDUHSUHFRQGLWLRQVIRUWKHHVWDEOLVKPHQWRIPHFKDQLVPWRHIIHFWLYHO\PDQDJH
WKHLULQHYLWDEOHHIIHFWVDQGLPSDFWV,WLVWUXHWKDWSHUFHSWLRQPDWWHUVDQGWKDWWKHWUXWKOLHVLQWKHH\HRIWKHEHKROGHU
±KRZHYHUWKH\FDQDOVREHHIIHFWLYHO\PDQDJHG7KLVUHVHDUFKVHWVIRUWKWKHLQFHSWLRQRIDPXFKORQJHUWHUPHIIRUW
GHYHORSLQJWKHVHSUHVFULSWLYHJXLGHOLQHVDVZHOODVWUDLQLQJV\VWHPVWKLQNLQJPHWKRGVZLWKLQWKHSURMHFWFRQVWUXFWDW
OHDVWXQWLOWKHQH[WZDYHRISURIHVVLRQDOVDOUHDG\DFTXDLQWHGZLWKWKLVWHFKQLTXHMRLQVWKHZRUNIRUFH
7KHDXWKRUVORRNIRUZDUGWRH[SDQGLQJXSRQWKLVVWXG\WKURXJKFROODERUDWLYHHIIRUWVZLWK,QGXVWU\DQGHPEUDFH
WKHH[SORUDWLRQRIQHZWKHRULHVRYHUFRPLQJFRPSOH[FKDOOHQJHV
5HIHUHQFHV
6WRLFD56%URXVH3 ,QIRUPDWLRQ7HFKQRORJ\ ,7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&6(5(/6(9,(5*HRUJLDWREHSXEOLVKHG
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